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Chalcones are a,b-unsaturated ketones possessing aryl, aryl or
aryl, aliphatic moieties between carbonyl and vinyl parts. They
possess multi-prolonged activities due to methylene and car-
bonyl moieties in their structure. There are numerous greener
and solvent-free (Thirunarayanan et al., 2011; Thirunarayanan
and Vanangamudi, 2006) synthetic methods available for the
synthesis of enol and enone compounds. The reactions involv-
ing the formation of carbon–carbon bond and carbon-hetero-atom bond are important and interesting in green synthesis.
Based on this the Aldol (Thirunarayanan, 2008) Crossed –
aldol (Thirunarayanan and Vanangamudi, 2007), Knoevenagel
(Venkat Reddy et al., 2001; Thirunarayanan, 2007), Mannich
(Kobayashi and Kiyohara Yamaguchi, 2011), Michael (Li
et al., 2011), Suzuki (Suzuki, 1998), Darzen’s (Mhamdi et al.,
2011) and Wittig (Orsini et al., 2006) reactions have been ap-
plied for synthesising isomeric biologically active compounds
such as chalcones, alkenes and Mannich bases. Thermal
condensation reactions have been found to be sluggish and
time-consuming with poor yields. However in the microwave
conditions, the reaction is faster, giving appreciable yield
involving easier process of isolation of the products. Scientists
and chemists have used microwave irradiation technique for so-
lid phase green synthesis (Thirunarayanan, 2007a, 2008;
Thirunarayanan and Ananthakrishna Nadar, 2006). Numer-
ous green catalysts such as Fly-ash: sulphuric acid (Thiruna-
rayanan et al., 2012), anhydrous zinc chloride (Palleros,
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sodium hydroxide (Thirunarayanan, 2007b), aqueous alkali
in lower temperatures (Basaif et al., 2005), solid sulphonic acid
from aqueous alkali in lower temperatures, solid sulphonic acid
from bamboo (Xu et al., 2008), barium hydroxide (Kumar
et al., 2011) anhydrous sodium bicarbonate (Zhang et al.,
2003; Blackwell, 2006), microwave assisted synthesis
(Thirunarayanan, 2009), Fly-ash:water (Thirunarayanan
et al., 2011), triphenylphosphite (Johnson et al., 1978), KF/
Al2O3 (Xiuying and An-shun, 2004), silica–sulphuric acid
(Thirunarayanan and Vanangamudi, 2006; Salehi et al., 2004)
and sulfated titania (Krishnakumar et al., 2011), have been re-
ported for the synthesis of many number of organic com-
pounds. The effects of substituents on the group frequencies
have been studied, through Uv–Vis, IR, 1H and 13CNMR spec-
tra of ketones (Thirunarayanan, 2007a, 2008, Thirunarayanan
and Ananthakrishna Nadar, 2006) unsaturated ketones
(Thirunarayanan, 2007a,b, 2008; Thirunarayanan and
Ananthakrishna Nadar, 2006; Kamalakkann et al., 2012), acyl
bromides, and their esters (Thirunarayanan et al., 2011). The
effects of substituents on the infrared, proton and carbon-13
group frequencies of chalcone derivatives are not been studied
so far. However no information has been found in the literature
in the recent past, for the synthesis of chalcones using
ﬂy-ash:H2SO4 catalysed aldol reaction. Hence the authors have
taken efforts to synthesis some aryl chalcones using solvent free
Fly-ash:H2SO4 catalysed aldol condensation with microwave
irradiation technique. The effects of substituents on the group
frequencies and the insect antifeedant activities have been
studied.
2. Experimental
2.1. Materials and methods
All chemicals have been procured from E-Merck brand. Melt-
ing points of all chalcones have been determined in open glass
capillaries on Mettler FP51 melting point apparatus and are
uncorrected. Infrared spectra (KBr, 4000–400 cm1) have been
recorded on an Avatar-300 Fourier transform spectrophotom-
eter. The NMR spectra of all synthesised chalcones were re-N
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Scheme 1 Synthesis of 2-Benzimidazole chalcones by Fly-ash:H2SO
method.corded in Bruker 400 MHz spectrometer. Mass spectra have
been recorded on a SIMADZU GC-MS2010 spectrometer
using Electron Impact (EI) techniques.
2.2. Preparation and characterisation of catalyst
The ﬂy-ash:H2SO4 catalyst has been prepared following the
procedure published in the literature (Thirunarayanan et al.,
2012). In a 50 mL Borosil beaker, 1 g of ﬂy-ash and 0.8 mL
(0.5 mol) of sulphuric acid have been taken and mixed thor-
oughly with a glass rod. This mixture has been heated in a
hot air oven at 85 C for 1 h, cooled to room temperature,
stored in a borosil bottle and tightly capped.
2.3. Synthesis of chalcones
An appropriate equimolar quantities of aryl methyl ketones
(2 mmol), substituted benzaldehydes (2 mmol) and ﬂy-ash:H2-
SO4 (0.5 g) have been taken in borosil tube and tightly capped.
The mixture has been exposed to microwave for 8–10 min in a
microwave oven (Scheme 1) (LG Grill, Intellowave, Micro-
wave Oven, 160–800 W) and then cooled to room temperature.
The organic layer has been separated with dichloromethane
which on evaporation yields the solid product. The solid, on
recrystallisation with benzene-hexane mixture gives a glittering
solid. The insoluble catalyst has been recycled by washing the
solid reagent remained on the ﬁlter by ethyl acetate (8 mL) fol-
lowed by drying in an oven at 100 C for 1 h. This recycled cat-
alyst has been made reusable for further reactions.3. Results and discussion
The Fly-ash has been converted into useful catalyst ﬂy-ash:H2-
SO4 by mixing Fly-ash and sulphuric acid. The catalytic activ-
ity has been enhanced by the sulphuric acid group and
chemical species present in the Fly-ash. During the course of
the reactions these species promote the effect on condensation
between the aryl methyl ketones and aryl aldehydic groups
leading to the formation of chalcones. The proposed general
reaction mechanism is shown in Figure 1.N
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Figure 1 The proposed mechanism for the microwave assisted Fly-ash: H2SO4 catalysed crossed Aldol condensation between 2-acetyl
benzimidazole and benzaldehyde under solvent free condition.
60 P. Janaki et al.In these experiments the products have been isolated and
after washing the catalyst with ethyl acetate, it is heated to
100 C to make it reusable for further reactions. There has
been no appreciable change in the percentage of the yield ofTable 1 Physical constants and analytical data of 2-benzimidazole
Entry X M.F. M.W.
1 H C16H12N2O 248
2 2-Br C16H11Br N2O2 327
3 3-Br C16H11Br N2O2 327
4 4-Br C16H11Br N2O2 327
5 2-Cl C16H11ClN2O2 287
6 3-Cl C16H11ClN2O2 287
7 4-Cl C16H11ClN2O2 287
8 4-N(CH3)2 C18H17N3O 291
9 4-F C16H11FN2O2 266
10 2-OH C16H12N2O2 274
11 3-OH C16H12N2O2 274
12 4-OH C16H12N2O2 274
13 2-OCH3 C17H14N2O2 291
14 3-OCH3 C17H14N2O2 291
15 4-OCH3 C17H14N2O2 291
16 2-CH3 C17H14N2O 262
17 3-CH3 C17H14N2O 262
18 4-CH3 C17H14N2O 262
19 2-NO2 C16H11N3O3 293
20 2-NO2 C16H11N3O3 293
21 4-NO2 C16H11N3O3 293
a = Ouattara et al., 2011; Dubey et al., 2003; Sawhney et al., 1999.chalcones. In this protocol the reaction gives better yields of
the chalcones during the condensation without any environ-
mental discharge. The analytical and mass spectral data are
presented in Table 1.chalcones.
m.p. (C) Yield (%) MS Fragments (m/z)
216–217 (215–217)a 83 248[M+]
258–261 (257–260)a 78 327[M+], 329[M+2]
249–251 (248–250)a 75 327[M+], 329[M+2]
224–226 (223–226)a 77 327[M+], 329[M+2]
190–192 (189–190)a 75 287[M+], 289[M+2]
238–239 (237–238)a 76 287[M+], 289[M+2]
225–226 (224–225)a 80 287[M+], 289[M+2]
261–262 (260–261)a 73 291[M+]
177–178 (176–177)a 72 266[M+], 268[M+2]
139–140 (138–139)a 70 274[M+]
248–249 (247–248)a 73 274[M+]
114–115 (113–114)a 70 274[M+]
197–198 (196–167)a 72 291[M+]
165–166 (164–165)a 75 291[M+]
191–192 (190–191)a 76 291[M+]
198–199 (197–198)a 77 262[M+]
205–206 (204–205)a 80 262[M+]
211–212 (210–212)a 81 262[M+]
220–221 (219–222)a 76 293[M+]
262–263 (261–262)a 75 293[M+]
232–233 (231–232)a 76 293[M+]
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In the present study the spectral linearity of chalcones has been
studied by evaluating the substituent effects. The assigned
group frequencies of all chalcones like carbonyl stretches
mCO, carbon–nitrogen mCN the deformation modes of vinyl
part CH out of plane, in-plane, CH‚CH and >C‚C< out
of planes (cm1), the vinyl hydrogen and chemical shifts d
(ppm), of Ha, Hb, Ca, Cb, and CO are assigned and these fre-
quencies are correlated with various substituent constants.
3.1.1. IR spectral study
The synthesised 2-benzimidazole chalcones exist as s-cis and
s-trans conformers. These conformers are conﬁrmed by the
carbonyl group doublets obtained in the range of 1600–
1700 cm1. They are shown in Figure. 2 and the corresponding
carbonyl frequencies (cm1) of the conformers are presented in
Table 2. The s-cis conformers absorb at higher vibrational fre-
quencies than s-trans conformers. Generally carbonyl doublets
obtained at lower absorption frequencies for the electron
donating substituents in the chalcones whereas the electron
withdrawing substituents absorb their doublets at higher fre-
quencies in both the conformers. In this present study also,
the same trend was observed. These frequencies are correlated
with various Hammett sigma constants and Swain-Lupton’s
(Swain and Lupton, 1968) parameters by single and multi
linear regression analysis (Vanangamudi et al., 2011;
Thirunarayanan et al., 2011; Kamalakkann et al., 2012;
Thirunarayanan and Ananthakrishna Nadar, 2006). While
seeking Hammett correlation involving group frequencies,
the form of the Hammett equation employed is
m ¼ qrþ mo ð1Þ
where mo is the frequency for the parent member of the series.
The results of single parameter statistical analysis of car-
bonyl frequencies with substituent constants are presented in
Table 3. From Table 3, the s-cis conformers the correlation
of mC‚O conformers with Hammett r constants is satisfacto-
rily. The remaining constants fail in correlation. This is due
to the inability of the effect of substituents on carbonyl group
and associated with the conjugative structure shown in
Figure 3. The s-trans conformers gave a satisfactory correla-
tion with Hammett substituent constants, F and R parameters.
The correlation of mC=N with Hammett r and r
+ constants is
satisfactory. All correlations gave positive rho values. This im-
plies that the normal substituent effects operate in all system.
The correlation of CH in-plane modes with Hammett r and
rR constants was satisfactory in correlation. The CH in-plane
modes gave a poor correlation with inductive, polar and ﬁeld
effects. The satisfactory correlation obtained CH out of plane
modes with Hammett sigma constants with positive q values
in all correlation and it implies that the normal substituent ef-
fects operate in all ketones.
The CH‚CH out of plane and C‚C out of plane modes
with Hammett constants, F and R parameters fail in correla-
tion alongwith positive q values and this reveals that there is
a normal substituent effect operated in all ketones gave.
In view of the inability of some of the r constants to produce
individually satisfactory correlations, it was thoughtworthwhile
to seek multiple correlations involving either rI and rR con-
stants or Swain-Lupton’s (Swain and Lupton, 1968), F and Rparameters. The correlation equations for s-cis, s-trans, CN
and deformation modes are given Eqs. (2)–(15).
mCOðscisÞðcm1Þ ¼ 1666:47ð4:410Þ þ 14:397ð8:866ÞrI
þ 24:700ð8:598ÞrR
 ðR ¼ 0:967; n ¼ 21;P > 95%Þ ð2Þ
mCOðscisÞðcm1Þ ¼ 1662:32ð5:284Þ þ 16:717ð5:745ÞF
þ 8:122ð3:552ÞR
 ðR ¼ 0:946; n ¼ 21;P > 90%Þ ð3Þ
mCOðstransÞðcm1Þ ¼ 1653:93ð12:681Þ þ 29:896ð14:597ÞrI
þ 63:508ð24:727ÞrR
 ðR ¼ 0:961; n ¼ 21;P > 95%Þ ð4Þ
mCOðstransÞðcm1Þ ¼ 1646:52ð14:430Þ þ 32:186ð9:327ÞF
þ 26:092ð17:890ÞR
 ðR ¼ 0:943; n ¼ 21;P > 90%Þ ð5Þ
mCNðcm1Þ ¼ 1578:40ð5:150Þ þ 18:704ð10:354ÞrI
þ 20:836ð10:040ÞrR
 ðR ¼ 0:961; n ¼ 21;P > 95%Þ ð6Þ
mCNðcm1ÞÞ ¼ 1579:97ð4:718Þ þ 17:338ð6:591ÞF
þ 18:478ð5:850ÞR
 ðR ¼ 0:968; n ¼ 21;P > 95%Þ ð7Þ
mCHipðcm1Þ ¼ 1161:21ð8:526Þ þ 12:648ð7:561ÞrI
þ 66:971ð16:095ÞrR
 ðR ¼ 0:939; n ¼ 21;P > 90%Þ ð8Þ
mCHipðcm1Þ ¼ 1153:26ð9:388Þ þ 24:154ð19:089ÞF
þ 34:902ð11:639ÞR
 ðR ¼ 0:942; n ¼ 21;P > 90%Þ ð9Þ
mCHopðcm1Þ ¼ 752:19ð9:105Þ þ 32:656ð18:304ÞrI
þ 16:671ð8:775ÞrR
 ðR ¼ 0:948; n ¼ 21;P > 90%Þ ð10Þ
mCHopðcm1Þ ¼ 745:89ð9:312Þ þ 38:661ð18:940ÞF
þ 1:569ð11:548R
 ðR ¼ 0:944; n ¼ 21;P > 90%Þ ð11Þ
mCH@CHopðcm1Þ ¼ 1055:69ð11:572Þ þ 46:105ð23:265ÞrI
þ 33:031ð14:558ÞrR
 ðR ¼ 0:967; n ¼ 21;P > 95%Þ ð12Þ
mCH@CHopðcm1Þ ¼ 1059:28ð10:7392Þ þ 43:561ð21:836ÞF
þ 33:290ð13:311ÞR
 ðR ¼ 0:944; n ¼ 21;P > 90%Þ ð13Þ
mC@Copðcm1Þ ¼ 557:10ð12:263Þ þ 34:274ð24:651ÞrI
þ 2:580ð2:392ÞrR
 ðR ¼ 0:931; n ¼ 21;P > 90%Þ ð14Þ
Table 2 The infrared spectroscopic data (m, cm1) of 2-benzimidazole chalcones.
Entry X mCO s-cis mCO s-trans mC‚N mCHip mCHop mCH‚CHop mC‚Cop Substt.
1 H 1556.70 1618.20 1562.20 1178.40 752.20 1042.50 588.20 –
2 2-Br 1664.53 1648.96 1580.32 1148.65 740.58 1076.42 588.96 –
3 3-Br 1659.58 1662.11 1583.25 1137.68 751.67 1072.92 506.71 –
4 4-Br 1653.50 1628.25 1576.63 1150.23 754.55 1073.25 562.67 –
5 2-Cl 1666.12 1658.12 1596.36 1123.25 751.17 1083.95 562.07 –
6 3-Cl 1673.58 1668.24 1573.58 1149.48 748.73 1016.83 565.75 –
7 4-Cl 1676.57 1669.74 1581.23 1149.43 753.06 1081.14 594.42 –
8 4-N(CH3)2 1663.29 1626.87 1561.81 1165.02 765.32 1058.74 558.32 1385.98
9 4-F 1653.41 1648.32 1576.48 1161.05 744.36 1079.91 567.64 –
10 2-OH 1657.40 1543.84 1588.32 1122.84 753.73 1035.81 589.43 3456.23
11 3-OH 1678.75 1669.15 1563.85 1124.01 760.77 1019.61 576.68 3446.76
12 4-OH 1661.56 1653.10 1571.91 1137.25 782.27 1045.74 579.79 3498.90
13 2-OCH3 1654.77 1648.15 1578.58 1117.97 731.71 1083.96 584.95 1435.35
14 3-OCH3 1658.82 1643.27 1568.29 1135.21 767.35 1020.23 538.10 1432.67
15 4-OCH3 1650.25 1628.38 1563.68 1128.95 785.14 1052.25 542.15 1429.30
16 2-CH3 1653.57 1647.25 1581.24 1136.58 741.02 1084.25 547.26 –
17 3-CH3 1668.59 1665.32 1574.62 1154.21 752.02 1065.39 525.04 –
18 4-CH3 1667.26 1655.37 1596.38 1146.25 725.38 1036.85 568.35 –
19 2-NO2 1679.34 1672.68 1598.36 1186.32 788.26 1098.32 586.32 –
20 2-NO2 1685.25 1676.38 1597.36 1188.25 789.35 1095.36 588.26 –
21 4-NO2 1688.59 1689.25 1596.28 1198.26 796.28 1096.87 598.37 –
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Figure 2 The s-cis and s-trans conformers of 2-benzimidazole chalcones.
62 P. Janaki et al.mC@Copðcm1Þ ¼ 557:19ð12:287Þ þ 33:929ð24:987ÞF
þ 3:860ð1:325ÞR
 ðR ¼ 0:925; n ¼ 21;P > 90%Þ ð15Þ3.1.2. 1H NMR spectral study
The 1H NMR spectra of synthesised chalcones were recorded
in deuteriochloroform solutions employing tetramethylsilane
(TMS) as internal standard. The signals of the ethylenic pro-
tons were assigned from their spectra. They were calculated
as AB or AA0 or BB0 systems respectively. The lower chemical
shifts (ppm) were obtained for Ha and higher chemical shifts
(ppm) were obtained for Hb in this series of ketones. The vinyl
protons give an AB pattern and the b-proton doublets were
well separated from the signals of the aromatic protons. The
assigned vinyl proton chemical shifts d (ppm) of all ketones
are presented in Table 4.
In nuclear magnetic resonance spectra, the proton or the
13C chemical shifts (d) depend on the electronic environment
of the nuclei concerned. The assigned vinyl proton chemicalshifts (ppm) have been correlated with reactivity parameters
using a Hammett equation in the form of
Logd ¼ Logd0 þ qr ð16Þ
where d0 is the chemical shift of unsubstituted ketones.
The assignedHaandHbproton chemical shifts (ppm)are cor-
related with various Hammett sigma constants. The results of
statistical analysis (Vanangamudi et al., 2011; Thirunarayanan
et al., 2011; Kamalakkann et al., 2012; Thirunarayanan and
Ananthakrishna Nadar, 2006) are presented in Table 5. All
correlations were fail with Ha and Hb proton chemical shifts
(ppm)withHammett sigmaconstants,FandRparameters along
with positive q values. This is evident for the normal substituent
effect that operates in all chalcones for both proton chemical
shifts. This failure in correlation for the vinyl proton chemical
shifts is due to the reasons stated in earlier and the conjugative
structure shown in Figure 3.
Application of Swain-Lupton’s (Swain and Lupton, 1968)
treatment for the chemical shifts of Ha and Hb with F and
R values is successful with resonance, inductive and fail with
Table 3 Results of statistical analysis of infrared spectral frequencies (m, cm1) of 2-benzimidazole chalcones with Hammett r r+, rI rR constants and F and R parameters.
Frequency Constants r I q s n Correlated derivatives
mCOs-cis (cm
1) r 0.906 1663.77 18.456 8.76 19 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.837 1665.67 6.403 10.65 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.845 1658.20 21.943 10.26 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.765 1672.21 28.83 9.10 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.838 1658.54 19.432 10.61 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.833 1668.86 10.203 10.20 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
mCOs-trans (cm
1) r 0.905 1645.26 40.406 26.21 19 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.903 1649.55 16.289 28.00 18 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.903 1632.65 49.036 28.57 18 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.905 1665.64 72.100 25.36 19 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.903 1634.37 40.911 29.41 17 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.902 1659.12 30.100 28.77 18 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
mC‚N (cm1) r 0.906 1578.01 18.657 10.03 18 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.906 1580.20 11.117 10.03 15 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.847 1571.42 24.123 11.05 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.850 1585.75 26.227 10.29 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.842 1571.37 23.521 11.34 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.861 1586.76 20.631 9.88 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
mCHip (cm
1) r 0.905 1146.64 34.309 19.14 19 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.838 1150.25 13.292 21.84 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.833 1138.76 33.317 22.28 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.907 1160.16 70.601 16.16 19 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.834 1137.01 35.831 22.16 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.780 1162.72 37.901 18.88 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
mCHop (cm
1) r 0.904 757.14 20.038 18.73 18 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.813 789.04 4.105 19.87 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.844 746.58 37.751 19.97 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.832 764.96 26.051 19.03 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.843 745.16 39.152 17.96 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.711 761.03 6.371 12.21 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
mCH‚CHop (cm
1) r 0.418 1060.49 28.092 24.59 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.368 1063.67 14.746 25.17 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.540 1044.62 56.200 23.59 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.416 1073.75 46.222 24.61 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.461 1043.78 54.691 24.03 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.535 1076.33 38.702 22.87 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
mC‚Cop (cm
1) r 0.791 566.57 12.315 24.55 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.781 567.98 6.706 24.64 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.833 556.23 35.068 23.64 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.712 570.52 12.431 24.87 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.832 555.33 35.221 23.73 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.721 570.41 8.080 24.87 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r=Correlation coefﬁcient, I= intercept, q= slope, s= standard deviation, n= number of correlated derivatives.
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Figure 3 The resonance conjugative structure.
64 P. Janaki et al.F & R parameter generates the multi regression Eqs. (17)–
(20)
dHaðppmÞ ¼ 7:859ð0:099Þ  0:192ð0:015ÞrI
þ 0:403ð0:093ÞrR ðR
¼ 0:944; n ¼ 21;P > 90%Þ ð17Þ
dHaðppmÞ ¼ 7:824ð0:104Þ  0:165ð0:212ÞF
þ 0:186ð0:129ÞR ðR
¼ 0:933; n ¼ 21;P > 90%Þ ð18Þ
dHbðppmÞ ¼ 8:113ð0:117Þ  0:243ð0:021ÞrI
þ 0:400ð0:022ÞrR ðR
¼ 0:939; n ¼ 21;P > 90%Þ ð19Þ
dHbðppmÞ ¼ 8:110ð0:118Þ  0:270ð0:240ÞF
þ 0:219ð0:149ÞR ðR
¼ 0:937; n ¼ 21;P > 90%Þ ð20Þ3.1.3. 13C NMR spectral study
Spectral analysts, organic chemists and scientists (Vanangam-
udi et al., 2011; Thirunarayanan et al., 2011; Kamalakkann
et al., 2012; Thirunarayanan and Ananthakrishna Nadar,
2006) have made an extensive study of 13C NMR spectra forTable 4 The NMR spectroscopic data (d, ppm) of 2-Benzimidazole
Entry X dHa (d, 1H) dHb (d, 1H) Subs
1 H 7.847 8.069 –
2 2-Br 7.176 7.874 –
3 3-Br 7.732 8.021 –
4 4-Br 7.510 7.558 –
5 2-Cl 7.892 7.995 –
6 3-Cl 7.842 8.032 –
7 4-Cl 7.651 7.784 –
8 4-N(CH3)2 7.921 8.031 3.40
9 4-F 7.514 7.563 –
10 2-OH 7.810 7.961 –
11 3-OH 7.601 7.851 –
12 4-OH 7.632 7.853 –
13 2-OCH3 7.531 7.842 3.68
14 3-OCH3 7.615 7.832 3.25
15 4-OCH3 7.362 7.932 3.36
16 2-CH3 7.810 8.312 2.87
17 3-CH3 7.761 7.932 2.15
18 4-CH3 7.833 7.942 3.01
19 2-NO2 7.781 7.801 –
20 2-NO2 7.802 7.840 –
21 4-NO2 8.11 8.706 –a large number of different ketones and styrenes. The assigned
vinyl Ca, Cb and carbonyl carbon chemical shifts are presented
in Table 4. The results of statistical analysis are given in
Table 5. They have been observed a poor linear correlation
for the chemical shifts (ppm) of Ca carbon with Hammett r
constants, F linear and R parameters. A satisfactory correla-
tion is obtained for Cb carbon with Hammett sigma constants.
The poor linear correlation obtained for the chemical shifts
(ppm) of CN carbon with Hammett r constants, F and R
parameters. All correlation produced positive rho values and
is evident for the normal substituent effects that operate in
all systems. The failure in the correlation was due to reasons
stated earlier with the resonance conjugative structure shown
in Figure 3.
The assigned carbonyl carbon chemical shifts (ppm) were
correlated with Hammett constants using single and multi lin-
ear regression analysis and are presented in Table 5. All corre-
lation gave poor correlation coefﬁcients for carbonyl carbon
chemical shifts of ketones with Hammett substituent con-
stants, F and R parameter. All correlations gave positive q val-
ues and it is evident for the normal substituent effects that
operate in all ketones. The failure in correlation is due to the
conjugation that exists between the substituent and the car-
bonyl group shown in Figure 3.
The Swain Lupton’s (Swain and Lupton, 1968) parameter
correlations were satisfactorily obtained within these carbon
chemical shifts and the regression equations are given in Eqs.
(21)–(28)
dCOðppmÞ ¼ 183:98ð1:308Þ  1:429ð0:256ÞrI
þ 1:053ð0:251ÞrR ðR
¼ 0:914; n ¼ 21;P > 90%Þ ð21Þ
dCOðppmÞ ¼ 183:55ð1:318Þ  0:738ð0:214ÞF
 0:048ð0:012ÞR ðR
¼ 0:906; n ¼ 21;P > 90%Þ ð22Þchalcones.
tt. dCO dCa dCb dC‚N Substt.
187.67 122.78 142.16 148.73 –
179.11 123.20 143.25 148.94 –
181.11 121.16 143.22 149.48 –
181.78 122.73 142.12 149.36 –
181.07 121.96 143.26 149.89 –
180.53 122.18 142.41 148.25 –
183.77 123.57 141.72 152.23 –
1 186.01 122.61 144.61 148.90 28.37
183.30 121.22 143.86 151.48 –
186.01 122.11 141.65 149.86 –
183.11 122.60 143.52 151.11 –
181.28 122.69 142.21 151.63 –
1 183.21 122.96 139.76 150.93 61.35
1 181.34 123.11 140.22 151.40 63.42
4 187.03 121.72 140.39 151.11 60.37
4 181.79 124.18 141.53 153.22 29.33
4 182.21 121.23 142.32 151.53 29.52
5 183.15 122.11 143.55 149.60 30.36
184.11 124.56 145.66 153.71 –
182.86 121.35 143.15 153.31 –
188.38 124.93 144.97 153.68 –
Table 5 Results of statistical analysis of NMR chemical shifts (d, ppm) of 2-benzimidazole chalcones with Hammett r, r+, rI, rR constants and F and R parameters.
Frequency Constants r I q s n Correlated derivatives
dHa (ppm) r 0.820 7.690 0.111 0.20 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.706 7.702 0.019 0.21 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.807 7.724 0.069 0.21 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.839 7.873 0.348 0.19 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.712 7.737 0.103 0.21 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.829 7.757 0.166 0.20 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
dHb (ppm) r 0.714 7.932 0.087 0.24 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.807 7.947 0.026 0.24 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.711 7.978 0.121 0.24 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.832 8.071 0.330 0.23 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.818 8.004 0.197 0.24 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.822 8.002 0.185 0.23 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
dCO (ppm) r 0.808 182.32 0.547 2.58 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.724 183.22 0.907 2.47 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.710 183.63 1.107 2.53 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.806 183.42 0.642 2.53 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.706 183.52 0.721 2.54 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.700 183.26 0.043 2.54 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
dCa (ppm) r 0.824 122.56 0.663 1.06 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.846 122.64 0.398 1.06 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.813 122.40 0.641 1.08 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.728 122.91 1.258 1.05 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.807 122.49 0.339 1.09 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.824 122.86 0.703 1.06 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
dCb (ppm) r 0.904 142.50 1.703 1.39 20 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.819 142.67 0.439 1.52 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.731 141.89 2.311 1.45 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.846 143.34 2.962 1.37 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.839 141.71 2.678 1.46 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.820 142.94 0.855 1.52 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
dC‚N (ppm) r 0.838 150.73 1.675 1.60 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r+ 0.821 150.90 0.541 1.71 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rI 0.803 150.13 2.274 1.66 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
rR 0.736 151.49 2.621 1.62 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
F 0.833 149.98 2.544 1.64 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
R 0.726 151.30 1.224 1.68 21 H, 2-Br, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 4-N(CH3)2, 4-F, 2-OH, 3-OH, 4-OH, 2-OCH3, 3-OCH3, 4-OCH3, 2-CH3, 3-CH3, 4-CH3, 2-NO2, 2-NO2, 4-NO2
r=Correlation coefﬁcient, I= intercept, q= slope, s= standard deviation, n= number of correlated derivatives.
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Table 6 Measurement of insect antifeedant activities of 2-benzimidazole chalcones.
Entry X 4–6 pm 6–8 pm 8–10 pm 10–12 pm 12–6 am 6–8 am 8 am–12 Nn 12 Nn–2 pm 2–4 pm Total leaf disc consumed in 24 h
1 H 1 1 2 1 1 0 0 1 1 8
2 2-Br 0.5 0.5 0 0 0 1 1 0.5 1 4.5
3 3-Br 0.5 1 0 0.5 0 0 1 0.5 1 4.5
4 4-Br 0.5 0.5 0 0 1 0.5 1 0.5 0 4
5 2-Cl 0.5 0 0.5 1 0.5 0.5 1 0.5 1 4.5
6 3-Cl 0.5. 1 0.5 0.5 0 1 1 0.5. 0 5
7 4-Cl 0.5. 1 0.5 0.5 0 1 1 0.5. 1 6
8 4-N(CH3)2 1 2 0 1 1 1 2 1 1 9
9 4-F 0.50 0.5 1 0.5 0.5 0.5 0 0 1 4.5
10 2-OH 1 1 2 0 0 1 1 1 1 8
11 3-OH 2 1 2 1 1 1 2 2 2 14
12 4-OH 1 2 1 0 0 1 2 0 1 7
13 2-OCH3 1 2 2 2 1 0 1 1 1 11
14 3-OCH3 1 1 2 1 2 2 1 2 1 13
15 4-OCH3 1 2 0 1 0.5 0.5 2 2 2 9
16 2-CH3 1 2 1 0 0 1 2 0 1 7
17 3-CH3 1 2 2 2 1 0 1 1 1 11
18 4-CH3 1 1 2 1 2 2 1 2 1 13
19 2-NO2 1 2 0 1 1 1 2 1 1 9
20 2-NO2 1 1 2 1 2 2 1 2 1 13
21 4-NO2 2 2 2 2 1 0 1 1 1 12
66 P. Janaki et al.dCaðppmÞ ¼ 122:80ð0:544Þ þ 0:281ð0:124ÞrI
þ 1:175ð0:160ÞrR ðR
¼ 0:928; n ¼ 21;P > 90%Þ ð23Þ
dCaðppmÞ ¼ 122:82ð0:5548Þ þ 0:108ð0:110ÞF
þ 0:690ð0:687ÞR ðR
¼ 0:924; n ¼ 21;P > 90%Þ ð24Þ
dCbðppmÞ ¼ 142:74ð0:691Þ þ 1:540ð1:023ÞrI
þ 2:524ð1:347ÞrR ðR
¼ 0:951; n ¼ 21;P > 95%Þ ð25Þ
dCbðppmÞÞ ¼ 141:96ð0:734Þ þ 2:496ð1:494ÞF
þ 0:544ð0:067ÞR ðR
¼ 0:941; n ¼ 21;P > 90%Þ ð26Þ
d
C@NðppmÞÞ ¼ 150:86ð0:821Þ þ 1:613ð0:116ÞrI
þ 2:157ð1:601ÞrR ðR
¼ 0:942; n ¼ 21;P > 90%Þ ð27Þ
d
C@NðppmÞ ¼ 150:43ð0:834Þ þ 2:227ð1:697ÞF
þ 0:950ð0:103ÞR ðR
¼ 0:938; n ¼ 21;P > 90%Þ ð28Þ3.2. Insect antifeedant activity
Chalcones possess various multipronged and biological activi-
ties. Generally compounds which possess halo ketones along
with polar groups, they possess insect antifeedant activities.
Therefore the authors wish to examine the insect antifeedantactivity of these chalcones and found to be active as insect anti-
feedants. This test was performed with a 4th instar larvae
Achoea Janata L against castor semilooper, were reared as de-
scribed on the leaves of caster Riclmus Cammunls in the labo-
ratory at the temperature range of 26 C± 1 C and a relative
humidity of 75–85%. The leaf – disc bioassay method (Deth-
ler, 1947; Thirunarayanan, 2008; Thirunarayanan et al.,
2010) was used against the 4th instar larvae to measure the
antifeedant activity. The 4th instar larvae were selected for
testing because the larvae at this stage feed very voraciously.
3.2.1. Measurement of insect antifeedant activity of chalcones
Castor leaf discs of a diameter of 1.85 cm were punched and
intact with the petioles. All synthesised chalcones were dis-
solved in acetone at a concentration of 200 ppm dipped for
5 min. The leaf discs were air-dried and placed in one litre bea-
ker containing little water in order to facilitate translocation of
water. Therefore the leaf discs remain fresh throughout the
duration of the test, 4th instar larvae of the test insect, which
had been preserved on the leaf discs of all chalcones and al-
lowed to feed on them for 24 h. The area of the leaf disc con-
sumes was measured by Dethlers (Dethler, 1947) method. The
observed antifeedant activities of chalcones are presented in
Table 6.
The results of the antifeedant activity of chalcones pre-
sented in Table 1 reveal that all compounds were found to re-
ﬂect satisfactory antifeedants. This test is performed with the
insects which ate only two-leaf discs soaked under the solution
of this compound. Compounds 2, 3, 5–7 and 9 showed enough
antifeedant activity but lesser than 4. Further compound 4 was
subjected to measure the antifeedant activity at different 50,
100, 150 ppm concentrations and the observation reveals that
as the concentrations decreased, the activity also decreased.
It is observed from the results in Table 7 that the acyl chal-
cones 4 [4-Bromostyryl-2-benzimidazole ketone] showed an
appreciable antifeedant activity at 150 ppm concentration.
Table 7 Measurement of insect antifeedant activities of 2-benzimidazole chalcone 4 (4-bromostyryl-2b3nzimidazole ketone)at
different concentrations.
ppm 4–6 pm 6–8 pm 8–10 pm 10–12 pm 12–6 am 6–8 am 8 am–12 Nn 12 Nn–2 pm 2–4 pm Total leaf disc consumed in 24 h
50 0.25 0.25 0 0 0 0.5 1 0.5 0 3
100 0.25 0.25 0.25 0.25 0 0 0.25 0.5 1 3
150 0.25 0.25 0.25 0 0 0 0.25 0.5 0 2
Synthesis, spectral correlation and insect antifeedant activities of some 2-benzimidazole chalcones 674. Conclusion
We have synthesised more than 70% yields of 2-benzimidazole
chalcones using greener synthetic methodology under solvent
free conditions. These chalcones were characterised by their
physical constants and spectroscopic data. The group frequen-
cies were correlated with Hammett substituent constants, F
and R parameters. The insect antifeedant activities of these
chalcones have been studied.Acknowledgement
The authors thank DST NMR facility, Department of
Chemistry, Annamalai University for recording NMR spectra
of chalcones.References
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